BACKGROUND
Adverse drug reactions (ADRs) are ranked the fourth and seventh leading cause of death in the USA and Sweden, respectively. 1 2 A cohort of 3322 inpatients in the UK showed a 16% incidence of hospital-acquired ADRs, but a German study of 907 inpatients with a large amount of laboratory data and parameters of vital status at baseline reported an ADR incidence of 38%. 3 4 A recent systematic review of European inpatients, including 13 studies, reported a 10.1% median percentage incidence of hospital-acquired ADRs. 5 However, a lower incidence (6%) of ADRs was reported in a South African cohort of 665 medical inpatients. 6 Known risk factors for ADRs include patient-related (age, gender, genetic makeup and pregnancy), drug-related (number of administered conventional medicines, drug class's toxicity profile, eg, antiretroviral therapy (ART) and drug dose), diseaserelated (eg, comorbidities, chronic/acute Strengths and limitations of this study ▪ A pilot was conducted to assess the feasibility of the cohort and to refine study tools. ▪ Medical and gynaecological inpatients were recruited and followed-up. ▪ The need to collect high-quality data limited the number of inpatients studied to 762. ▪ Clinical examination was the main method used to identify suspected adverse drug reactions due to limitations in timely availability of laboratory investigation results.
condition) and social (alcoholism, smoking, use of alternative/herbal medicines-hereafter herbal medicines) characteristics. 4 7-9 The ADR risk factors for a patient population can be used to create ADR risk-prediction models for use in routine clinical practice to identify at-risk patients for ADRs. 10 11 A good risk-prediction model should undergo four stages, namely development (to identify risk factors for designing the model) and validation (test model performance) in the first instance, and subsequently, impact (usefulness in routine clinical practice) and implementation (acceptance for use in clinical practice) assessment. 11 However, little is known about the incidence of hospital-acquired ADRs 6 and their risk factors among inpatients in sub-Saharan Africa, particularly in Uganda, which the present study aimed to determine. We also sought to describe the characteristics of the hospital-acquired suspected ADRs and identify the commonly implicated drug classes; and to construct ADR risk-prediction models for possible/probable ADRs to differentiate between low-risk and high-risk ADR-patients, particularly on characteristics not used to compute the risk scores.
METHODS

Study design and setting
This prospective cohort study was conducted among adult hospitalised patients (≥18 years) at the 1790-bed Mulago National Referral Hospital with at least 140 000 inpatients annually. Details of the study setting, cohort design, data collection and data management have been described elsewhere. 12 Briefly, three medical wards: Infectious Diseases and Gastrointestinal Illnesses (IDGI); Haematology, Neurology and Endocrinology (HNE); and Cardiovascular, Pulmonology and Nephrology (CPN); and one Gynaecological ward (GYN) constituted our study setting. Each ward has an official bed capacity of 54 but can receive up to 80 inpatients. Total daily admissions on each of the IDGI and CPN medical wards average 10-15 patients and 5-10 patients in HNE, thus 25-40 medical ward admissions per day. The GYN ward admits 20-25 patients per day.
Data collection
During October to November 2013, a pilot study was conducted on the wards to assess the feasibility of the main cohort and to pretest the study tools. Data obtained from the pilot study, however, are not included in the final analyses. The main study started in December 2013 to April 2014 when research teams recruited and followed-up inpatients on the study wards using a systematic random sampling procedure whereby three new admissions per day on long-stay wards (HNE/ CPN) and six per day on short-stay wards (IDGI/GYN) were to be recruited. Each ward-team purposed to select at random one of the first two (IDGI), three (HNE) and four (CPN/GYN) new admissions, and there after every second, third and fourth admission, respectively.
Four research teams collected the data from inpatients who had voluntarily given written informed consent. Each team comprised a medical doctor, pharmacist and degree nurse. Prior to data collection, the data collectors received week-long training on the practical pharmacovigilance aspects of the study including how to detect suspected ADRs using trigger tools. The principal author conducted daily reviews of study procedures to ensure adherence to the study protocol. A gynaecologist/obstetrician and an internist, both staff of Mulago Hospital based on the gynaecological and medical wards, respectively, were the study physicians who resolved any clinical problems encountered by the data collection teams, while the senior clinical pharmacist ( principal author) resolved pharmacological issues.
Each research team conducted the baseline patient assessment to obtain relevant data on demographics, clinical conditions and medications used and thereafter conducted daily assessments until discharge, transfer, death or loss to follow-up. In each research team, clinical data related to suspected ADRs were captured from clinical notes in the patient's file, from clinical examination of the patient by each team's medical officer and by patient/caregiver/ward staff interviews. Each research team's pharmacist interviewed the patient at recruitment or used the patient's available medical documents to obtain baseline information on any medications used in the 4 weeks preceding hospitalisation. Medication data were obtained from the patient's clinical notes, treatment sheets, drug administration charts, dispensing records of ward pharmacies, pill count validation of a patient's oral medication (tablets, capsules) and by viewing of unused injectable medicines in the possession of the patient/caretaker; and by daily interviews with the patient/caregiver or ward staff to elicit further information on clinical signs and symptoms not documented in the patient's records. Research teams collected data daily from 08:00 to 18:00 from Monday to Friday and from 10:00 to 18:00 on weekends and public holidays.
Data management
We used Epidata V.3.1 software for data entry and applied check programmes to limit out-of-range data entry errors. To verify the quality of data abstraction and entry, 10% of the 762 case report forms (CRFs) were randomly re-sampled using Stata V.12.0 (StataCorp. Stata Statistical Software: Release 12. College Station, Texas: StataCorp LP; 2011) to generate 76 cases for whom previously abstracted data were re-abstracted by RK and re-entered into the Epidata V.3.1 databank by a pretrained data entry clerk. Double-data entry verification was used to identify and record discrepancies between previously entered data against data capture at the re-entry phase. Where data discrepancies occurred, the original CRF was cross-checked and the error corrected. If the estimated discrepancy rate did not exclude a 10% data entry error-rate as the upper 95% confidence limit, the principal author re-checked all 762 original records for all important such fields, which included number of possible suspected ADRs.
Identification of suspected ADRs
We defined suspected ADRs according to the WHO definition. 13 14 Operationally, a suspected ADR was any undesirable medical occurrence that developed after the administration of a drug and for which there was, at least, a possible causal relationship between the drug and the event as measured by the Naranjo ADR Probability Scale. 15 16 Possible ADRs included possible, probable and definite ADRs while probable ADRs represented probable and definite ADRs only and were dichotomised to possible ADR or not and, separately, to probable ADR or not. Preventable and non-preventable suspected ADRs, as measured by the modified Schumock and Thornton Preventability Scale, 17 18 were evaluated. Severity was assessed using the Division of AIDS Table for Grading the Severity of Adult and Paediatric Adverse Events 19 and seriousness according to the WHO Uppsala Monitoring Centre (UMC) criteria. 20 Clinical examination was the main method used to identify suspected ADRs. To increase the probability to detect suspected ADRs, patients were screened using an ADR trigger tool. 21 Consensus agreement on ADR causality, preventability, severity and seriousness was reached in a committee headed by the ward-based study physician and senior clinical pharmacist ( principal author). We used the team approach, other than individual assessments followed by comparison of interobserver agreement, to reflect the routine on-ward practice for solving clinical problems whereby nurses, medical doctors and clinical pharmacists brainstorm on patients' clinical problems and consult relevant literature before arriving at clinical decisions.
STATISTICAL ANALYSIS
Sample size estimation With a presumed incidence of possible hospital-acquired suspected ADRs of around 16%, 200 inpatients would suffice for a SE of 2.5%; with 800 inpatients needed for the 95% CI to have a width of 5%. 3 We found a substantially higher incidence of possible suspected ADRs (25%; 194/762) so that, in practice, the same goal was met.
Incidence of possible/probable hospital-acquired suspected ADRs Incidence was computed as the total number of patients who developed at least one new possible (or probable) hospital-acquired suspected ADR linked to the use of a drug initiated during the current hospitalisation expressed as a proportion of the total number of patients in the study cohort. We excluded all community-acquired suspected ADRs that existed at the time of hospital admission or emerged as new suspected ADRs during the current hospitalisation as a result of exposure to medication used preadmission.
Frequency of ADR-implicated drugs and hospital-acquired suspected ADRs Proportions of drug classes most frequently implicated for suspected ADRs were expressed, at patient-level, as the number of patients who experienced an ADR linked to a named drug class divided by the total number of patients who experienced; (i) possible hospital-acquired suspected ADRs and (ii) probable hospital-acquired suspected ADRs. At ADR-level, the proportion of hospital-acquired suspected ADRs by drug class was expressed as a percentage of the total number of hospital-acquired suspected ADRs in the cohort, whereby a patient contributed one or more ADRs. Frequencies of possible hospital-acquired suspected ADRs in each drug class and for each individual drug were also reported.
Risk factors for possible and probable hospital-acquired suspected ADRs To identify the risk factors for possible/probable hospital-acquired suspected ADR, we tested the joint effect of all potential risk factors using binary logistic regression: first on 'experienced at least one probable ADR', and subsequently on possible ADR. Results obtained for linearity were compared with those using categorisation by comparing the log-likelihoods for regressors in logistic regression for natural logarithm of the odds on having experienced possible or probable ADR. However, wide 95% CIs for the probable ADR model signalled over-fitting and so we simplified to six key explanatory variables: linear age, gender, number of conventional medicines (≥6), Charlson's comorbidity index (≥3), preadmission herbal medicine use and HIV-positive serostatus. Two additional explanatory variables (hospitalisation in previous 3 months and gynaecological ward) were tested in the possible ADR regression model. Prior to regression analysis, the missing-assigned approach was used to attribute low frequency missing data for categorical variables (use of herbal medicines and previous hospitalisation) to the 'no' stratum. Logistic regression models for possible/probable hospital-acquired ADRs were stratified by HIV serostatus (HIV-positive vs HIV-negative/unknown HIV serostatus) to assess for interaction. Results are reported as ORs with their corresponding 95% CIs. Owing to the multiplicity of testing for interaction between HIV-positive serostatus and the six categorized explanatory variables, interaction needed to be significant at the 1% level (Bonferroni correction).
Risk scores for predicting actual cases of possible and probable hospital-acquired ADRs Each patient's risk-score for developing a possible/probable hospital-acquired ADR was computed on the natural logarithmic scale using regression coefficients from the final logistic regression models for possible/probable hospital-acquired ADRs, see online supplementary appendix S1 for details of risk-score computation.
We used the risk-score extreme subsets (low-risk vs highrisk) to examine for qualitative differences between the predicted ADR cases in the low-risk and high-risk groups on characteristics which were not part of risk-score computation, namely implicated drug class, ward (for probable ADR only), number of working diagnoses per patient, number of hospital-acquired suspected ADRs per patient and nature of ADR, see online supplementary Appendix S1 for details of qualitative differences between the low-risk and high-risk ADR-patients. Table 1 shows characteristics of the 762 inpatients in the study cohort. The median age of inpatients was 30 years (IQR: 24-42 years) with a median length of hospital stay of 4 days (IQR: 3-6 days). Forty-two per cent of inpatients (320/762) were on the IDGI ward and 30% (232/ 762) were HIV-positive.
ETHICAL CLEARANCE
RESULTS
Patient characteristics
Incidence of hospital-acquired suspected ADRs
The incidence of possible hospital-acquired suspected ADRs was 25% (194/762; 95% CI: 22% to 29%): 85 (44%) of 194 patients experienced serious possible ADRs. The risk of probable ADRs was 11% (87/762; 95% CI: 9% to 14%): 40 (46%) of 87 patients had serious probable ADRs. HIV-positive patients on ART had a significantly lower incidence of possible hospital-acquired ADRs (19% vs 30%; p=0.048) but no difference when probable ADRs were assessed (11% vs 13%; p=0.770) (see table 1 ).
Frequency and characteristics of hospital-acquired suspected ADRs A total of 344 possible hospital-acquired suspected ADRs were experienced by 194 inpatients or 101 probable hospital-acquired suspected ADRs were encountered by 87 inpatients (see tables 2 and 3). Ten per cent respectively, were the commonest individual pharmacological agents linked to possible ADRs in each of the above-mentioned drug classes. Qualitative differences between predicted ADR cases in the high-risk versus low-risk groups Suspected ADR cases in the high-risk (vs low-risk) groups implicated more drug classes ( possible (18 vs 8) and probable (12 vs 7) ADRs), had more frequent occurrence of ADRs linked to cardiovascular drugs ( possible ADRs: (8/35) versus (1/31)) and were more common on the HNE ward ( probable ADRs: (3/16) versus (0/14), see online supplementary appendices S1-S5).
DISCUSSION
Incidence of hospital-acquired suspected ADRs
One in four patients experienced at least one possible hospital-acquired suspected ADR during the current admission, which is higher than the ADR incidence reported in South Africa 6 but similar to the incidence reported in the UK. 3 The South African and UK studies estimated the incidence of hospital-acquired ADRs by including, as in our cohort of inpatients, all possible, probable and definite ADRs. However, the South African study 6 used the WHO-UMC criteria 22 for ADR causality assessment rather than the Naranjo algorithm, 15 as in our cohort and the UK study. Poor agreement between the WHO-UMC criteria and Naranjo algorithm is reported in the causality assessment of 913 ADRs by the same evaluator at a tertiary care hospital in India, 23 which might partly explain the observed differences in the ADR incidence estimates: however, good agreement between the two causality assessment tools is reported in an assessment of 200 ADR forms submitted to an Indian pharmacovigilance centre. 24 The comparable ADR incidences in our cohort and the UK setting should be interpreted cautiously, however, because the UK study used the Edwards and Aronson ADR definition while we used the WHO definition; 3 13 14 25 and we had a smaller amount of laboratory data on ADR-markers, which might have resulted in ADR underestimation in our setting. The incidence of probable hospital-acquired suspected ADRs was one in nine inpatients, which is half our estimate for a possible hospital-acquired suspected ADR. Incidence estimates of probable ADRs are less likely to include adverse reactions caused by underlying disease. 26 However, ascertaining ADR causality of (1) Headache (8) implicated drugs can be a challenge in a cohort of inpatients with multiple comorbidities, extensive preadmission medication exposure and concomitant medications. Moreover, the Naranjo algorithm is designed to assess ADR causality of a single drug and does not take into account drug-drug interactions. 15 24 By comparison, the median incidence estimate of hospital-acquired ADRs in European inpatients is 1 in 10, as assessed in a recent systematic review of 13 studies. A variety of ADR causality assessment methods were used, and the majority of the studies did not differentiate between possible or probable ADRs: 5 of the three studies which did, their reported possible ADR incidence estimates were either lower than (8.4%), 27 similar to (16%) 3 or higher than (38%) 4 ours.
Serious hospital-acquired suspected ADRs
About half the inpatients with hospital-acquired suspected ADRs encountered serious ADRs, which highlights the substantial contribution of these ADRs to the patients' morbidity while in hospital. Our estimate of serious possible hospital-acquired suspected ADRs (11%, 85/762) is higher than the 2.1% reported in a meta-analysis of 39 American studies. 28 However, none of the serious ADRs in our cohort were fatal. At least two to three deaths would have been expected among the 762 inpatients based on the ADR death estimates in the USA (0.32%) and UK (0.42%); which may be happenchance given the small sample size of our cohort compared with the two studies conducted in the western world. 3 28 Implicated drug classes Previous research among medical inpatients in sub-Saharan Africa documented antibiotics 6 and antimalarials, mostly quinine 8 as the leading causes of hospital-acquired ADRs. A recent survey of Ugandan healthcare professionals, who provided descriptions of ADRs they had encountered in the previous monththough of community-acquired and hospital-acquired ADRs, also ranked antibiotics and antimalarials ( particularly quinine) among the most commonly implicated drugs. 29 30 Our prospective cohort also studied gynaecological inpatients and highlights the high burden of hospital-acquired ADRs linked to uterotonics-mostly misoprostol. Cardiovascular drugs contribute frequently to hospital-acquired ADRs in the western world 31 and to community-acquired ADRs in South Africa. 6 We document the frequent occurrence of hospital-acquired ADRs linked to cardiovascular drugs in our cohort of inpatients in a sub-Saharan African setting.
No hospital-acquired suspected ADRs linked to antiretrovirals-only and/or herbal medicines-only were identified: probably because most patients who received ART had initiated the ART prior to the current hospital admission, and because we measured self-reported herbal medicine use during the 4 weeks prior to the current hospitalisation. ADR, adverse drug reaction.
Risk factors for hospital-acquired suspected ADRs
Given the complexity of confirming ADR causality of implicated drugs among our study inpatients, most of whom had multiple prior and current drug exposures, we undertook sensitivity analyses to determine the risk factors for experiencing at least one probable hospital- Except for gender (male coded 1 and female coded 2), indicator variables were coded 0 for baseline, 1 otherwise; regression χ 2 =53.99 on 9 df (p<0.001); β-adj=adjusted regression coefficient. Patients who had used herbal medicines in the 4 weeks preadmission were at a higher risk of developing a possible/probable hospital-acquired suspected ADR. Previous research in Uganda has associated the use of herbal medicines, particularly traditional herbal medicines, with the occurrence of liver disease 9 and possibly with defaulting on ART. 32 Drug interactions between western conventional and herbal medicines, if concurrently used, might moderate the occurrence of ADRs. 33 On the other hand, prehospital use of herbal medicines might delay hospitalisation and resolution of the problem(s) that patients attempt to resolve by the use of the herbal medicines. 34 The use of several conventional medicines is a known risk factor for ADRs. 4 35 The ADRs may arise from drug interactions attributable to synergism. 36 Patients who receive large numbers of medicines may need to take even more medications to treat ADRs of already administered medicines 36 such as the prescription of bisacodyl to treat morphine-linked constipation. 37 Hospitalisation in the previous 3 months prior to the present admission was an independent risk factor for possible ADR, but not probable ADR, and might relate to ADR-prone patients with previous drug exposures and/or chronic disease state(s).
The risk of developing a possible hospital-acquired suspected ADR was twice as high on the GYN ward when compared with the three medical wards probably due to the exclusive use of uterotonics (mainly misoprostol) on the GYN ward, which ranked second in the group of pharmacological drug classes most frequently linked to possible ADRs.
The observed interaction between HIV-positive serostatus and Charlson's comorbidity index might be explained by the high score of 6 in the index assigned to HIV/AIDS. 38 Thus, Charlson's comorbidity index might require adaptation for settings with a high burden of HIV/AIDS. Researchers in a high HIV/AIDS prevalence setting in South Africa have used the tool after excluding the score for HIV/AIDS; however, it is not known whether their revision was validated. 39 Use of risk scores to differentiate the characteristics of low-risk and high-risk ADR cases We identified qualitative, though weak, differences between the low-risk and high-risk ADR cases by implicated drug class, nature of ADR and ward (for probable ADR only), but not by number of working diagnoses or number of ADRs per patient. The small number of events, especially for probable ADRs, or the more likely important influence of other unmeasured clinical or organisational factors (eg, medication errors with respect to the ADRs) might partly explain the weak prediction of the qualitative differences between low-risk and high-risk groups of ADR cases on characteristics not modelled in the logistic regression.
Low uptake of risk prediction compromises the safety of clinical care. Risk scores can be useful tools to screen for patients at high risk for ADRs, who would need more careful selection and close monitoring of their medications. 40 Obtaining a good ADR risk-prediction model requires four stages, namely development and validation, and impact and implementation assessment. Our ADR risk-prediction models were not validated due to the small number of probable ADR events among the inpatients. The risk-prediction models, however, delivered in differentiating between low-risk and high-risk ADR-patients on characteristics not included in riskscore computation. Nonetheless, we acknowledge that these models should be validated, in our setting, using large-scale or periodic studies.
Study limitations
The covariate 'number of conventional medicines', which accounted for the total number of western conventional medicines administered during hospitalisation, has the drawback that some conventional medicines may have been received after the occurrence of a suspected ADR. Partly for this reason, we categorised number of medicines to indicate simply if the patient had received six or more medicines, that is, many. Except for the risk factor 'number of conventional medicines', all the other tested potential risk factors (age, gender, HIV serostatus, history of previous hospital admission, comorbidities and self-reported use of herbal medicines) were known to have preceded the occurrence of a possible/probable ADR. Arguably, Cox proportional hazards with timedependent covariates to track the daily changes in the number of medicines administered prior to possible/probable ADR might have been a better method of analysis. However, time to first possible/probable ADR in days for most cases was rather short and accurate tracking of diverse coadministered medicines before and after ADR recognition was unlikely, even if practicable, to have yielded commensurate insights. Clinical examination was the main method used to identify suspected ADRs due to limitations in timely availability of laboratory investigation results.
CONCLUSIONS
The risk of developing a hospital-acquired suspected ADR was high. Preadmission use of herbal medicines and treatment with six or more conventional medicines during hospitalisation were the common risk factors for possible/ probable hospital-acquired suspected ADRs. The risk scores were predictive of qualitative differences between low-risk and high-risk groups of ADR cases on characteristics not modelled in the regression analyses and should be validated and assessed for their usefulness and acceptance in routine clinical practice in our setting.
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